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A STUDY OF THE EFFECTS OF RADII OF GYRATION AND ALTITUDE

ON AILERON EFFECTIVENESS AT HIGH SPEED

By Leo F. Fehlner
INTRODUCTION

Because the time to bank combat aircraft hes become

increasingly lmportant and because informatlon on the
varlation 1n the time to bank with altitude and with

welght dletribution along the wingas 18 not avallabdle,

the

present theoretical investligation was made to determine
tne magnitude of theae effects. The variation in the
necesszsary alleror control and in the time required to
bank to 45° and $0° with altitude and radii of gyration
for a typlcal fighter or a pursult alrplane have bsen
computed and are prerented herein,

SYHBOLS

true eirspeed, miles per hour

indicated airspeed, miles per hour (correct reading
of alrspeed indicator calibrated to read true air-
speed at zero altitude)

Mach number

longitudinel flight-path angle, degrees

ratio of radius of gyration about the X axis to span

ratio of radius of gyration about the 2 axls to span

time, seconds

rolling-moment ciefficlent, L

aS,b

rolling moment, foot pounds



q dynamic pressure, pounds per square foot
-qo impact pressure, pounds per square foot
5 wlng area, square feed

b span, feet ’
AIRPLAXE CEARACTERISTICS AND METHOD

The total weight of the airplane considered in the
computations i1z 9300 pounds; wing lcading, 35 pounde per
square foot; asnect ratio, 6; and span, 40 feet. The
aer ody namlc ~hasracterlstics were chosen to be representa-
tive ¢of pur:-uit or fightar aircraft in high-speeod fligkt
Justv below the critical speed,

The altitude vas varied from 0 to 50,000 feet under
standeard cornditions, The ratio of the radiwvs of gyration
ebout the X axis to the wing s»man was varled from 0,08 to
C.16 and the ratio of the radius of gyratiocn adbout the Z
axipo to the wing span was variod from 0.14 to 0.,22. This
range of radli-of-gyraetion ratios covers the ccmplete
range ¢f all the values known for 42 exlasting convention-
el purauit and fighter aircraft. The motlons of the alr-
rlane were studied in vertical dive, high-speed glide,
level fligkt, and climb attitudes at constant Mach num-
ber, constant trve airsreed, and constsnt Indicated alr-
sreed.

The lateral motions were corvuted for the caases
glven 1in table I.

The imract pressure for the various conditiona af
flight are glven in tedle II,

The lateral motione of the airrlaune were determired
ty solving ths differential equatiorng of metion in a
rauner similar to that used in reference 1. In the prea-~
ent report the allerons were agsumed to be deflected in
euch a8 way as to increase uniformly the roiling-moment
coefficlent apolied to the alrnlane during tne firet one-
tenth second and to hold it consteant thereafter.
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RESULTS AND DISCUSSION

The resulte are presented in figures 1 to 3.

Tigure 1 includes three types of variatlion with altil-
tude: one variation at constant true ailrepeed, another at
constant Mach number, and a third at constent indlcated
alrespeed. Cases for constant true airspeed and constant
Mach number are chosen to be identical at 20,000 feet and
cases for constant indicated ailrspeed and constant Mach
number are chosen to be 1dentlcal at 59,000 feet,

Yigure 1(a) shows the variation with altitude of the
rolling-moment coefflicient that must be apnlied by aile-
rons to perform two banking maneuvers; namely, the attain-
ment of an angle of bank of 45° at the end of the first
half second and 90° at the end of the firast second.

Figure 1(b) shows the variation with altitude of the
time to bank to 45° and 90°, The rolling-moment coef-
ficlentes applied at all altitudes are those that produce
an angle of bank of 45° at the end of the first half
second and of 90° at the end of the first second at zero
altitude.

The rolling-moment coefficlent necessar» to hank to
45° in one-half second is greater than that necessary to
bank to 90° in 1 gecond. This difference in reaulred
rolling-moment coefficient is due to the fact that the
alrplane accelerates in roll during all or a large part
of the time intervals considered. The moment of inertia
in roll therefore has an important influence on very short
rolling maneuvers., The rolling-moment coefficient re-
qulred to bank to any other angle in the eame time 1ig
directly proportlonal to the angle; that is, to bank to
46° 4in 1 second requires half the rolling-moment coef-
ficient necessary to bank to 90° in 1 second.

The decreaae in reoulred rolling-moment coefficient
shown for increasing altitude with indlcated alrspeed con-
atant ie caused by the large incresse in true alrspeed
that 13 required to maintain a given indicated alrspeed.
(See table I.) The rolling-moment coefficlent necessary
to bank the alrplane in a given time is not a function of
veloclty alone, however, as 18 shown by the variatlion of
rolling-moment coefficient with altitude when true alr-
epeed is constant (fig. 1).




At a Mach number of 0,76 and also at a true airspeed
of 530 miler per hour, a greater rolling-moment coeffi-
clent 1s required to bank the airplane to 900 in 1 second
et high altltudes than at low altitudes. At a Mach number
of 0,75 the increase in rolling-moment coefficient re-
quired in changing from 20,000 to 40,000 feet ts adbout 40
percent for the airvwlane considered.

If the hinge moment is massumed to be proportional to
the rolling moment, a relative hinge moment may be com-
puted by multiplying the rolling-moment coefflcients of
figure 1 by the corresponding impact pressures presented
in table II. These relative hinge moments are presented
in figure 2 in a manner similar to that used for the roll-
ing-moment coefficlients of figure 1.

The factor of proportionality betwsen the rollirg
moment and the hinge moment depernds on the aerodynamic
charecterigtica of the particular airplane. The variatilon
of stick force with hinge moment varies with linkage and
booeter systems. The computation of the variatlion of
gtick force with altitude from the hirge-moment variation
requlres a knowledge of the variation In stick force wlth
hinge moment for a varticular case,

The hirge momente apwlied in figure 2(b) are those
that produce an angle of ban of 45° at the end cf the
firet half second and 90° at the end of the first second
at zero altitude.

The hinge moment necessary to bank to 45° and 90° in
the stated time intervals 4ir greatly decreased Py 1in-
creases in altitude. For the 90° maneuver at a Mach num-
ber of 0.75 the hinge moment 1a 44 percent lees at 40,000
feet than at 20,000 feet.

The time to bank to 90° and 45° greatly decreases as
altitude increases 1f the hinge roment 1s held constant
at all altitudes. The decrease in the time to bank to
S0° ig 30 percent for a change in altitude from 20,000 to
40,000 feet.

Although figure 2(b) does show the variation of the
time to bank to given angles with altitude for varilous
constant hinge moments, the corresponding rolling-moment
coefficients reoulred at high sltitude exceed those ob-
tainable with present designs. The decrease 1in the time
to bank to a given angle as shown in figure 2(b) is there-
fore limited by the maximum rolling-moment coefficlent
available,
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From figures 1 and 2, it 18 concluded that if the
strength of the pllot limite the aileron deflection, as

"is8 'dsually the cade for present high-gpeed alrplanes, the

alleron effectiveness increpcases with altitude. At a
glven limiting Mach number, the increase in effectiveness
results largely from the larger deflections produced by a
glven force applied to the stick and the increase in ef-
feotlveness wlll continue only to the altitude at which
the maximum design deflection of the ailleron is reached,
Above this altitude the aileron effectiveness will de-
crease. The alleron system, therefore, should be de-
8lgned for rolling-moment recuirements at high altitude
and the hinge-moment limitatlons at low altitude.

Figure 3 includes variations of the radius of gyra-
tion eabout the X axis of the alrrlane in a glide and 1in
level flight at 530 miles per hour and at an altitude of
20,000 feet. The radii of gyration of airplanes of widely
different classifications fall within the range of raediil
of gyration considered. Theese classifications include all
conventional gingle- and twin-engine pursuilt and fighter
alrplanes wlth wide variations in weight distribution
elong the wings,

Figure 3(a) shows the variation with the radius of
gyration about the X axis of the rolling-moment coeffi-
clent necessary to attain an angle of bank of 46° at the
end of the first half secornd and of 9%0° at the end of the
flrst gecond.

Figure 3(b) shows the variation of the time to bank
to 45° and 90° with the radius of gvration about the X
axis. The rolling-moment coefficients applied for all
values of the radius of gyration are those that produce
an angle of bank of 46° gt the end of the first half
second and of 90° at the end of the first second with the
ratio of radius of gyration about the X axis to the span
equal to 0,08,

The effect of changes ir the radius of gyratlon in
roll on the rolling-moment coefficlent necessary to bank
to 90° in 1 second is large becausce of the large percent~
age of the maneuver gpent in accelerating the alirplane in
roll., The rolling-moment recuirements are lncreased
about 28 percent by increasing the radius of gyratlon
ebout the X axis from 0.08 toc 0.16.



The effect on the banking maneuvers considered of
variations 1n the radius of gyration about the Z axis are
negligibvle.

The longitudinal flight path was varied from a ver-
tical dive to A 13.9° climb at 6530 miles per hour and at
20,000 feet. The effects on the banking maneuver of var-~
iations in longitudinal flight path angle are negligible
in the range invegtligated.

For all the assumed conditions of flight, the angle
of gldeslip reaulting from a rolling-moment coefficient
of 0,05 deviates in an oasclllatory manner during tha first
2 geconds and does not exceed an angle of the order of 2°,

Langley Memorilql Aeroanutical Laboratory,
Natiovnal idvisory Committee for Aeronautics,
Langley TField, Va,.
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CASES ¥OR WHICHE LATERAL MOTIONS WERE COMPUTED

TABLE I

08.39 M v 71 Altitude Y ). ¢ K c
(mph) | (mph)| (£t) |(deg)! % z L
1 [0.760] 570 | 670 0 |-30.7 |0.126]0.176]0,036
2| .760| 530 | 400 | 20,000 |-13.9| .125| .175| .o088
3| .750| 496 | 268 | 20,000 | -6.1| .126| .175]| .224
4| .760| 496 | 204 | 50,000 | -4.4| .126| .175| .365
B| .696| 530 | 520 0o |-27.0{ .125| .175| .042
6| .so0| 530 | 278 | 40,000 | -6.7| .125{ .175| .198
7 | .80G{ 530 | 220 | 50,000 | -4.8| .125| .175| .320
8 | .269| 204 | 204 | 0| -a.7| .125| .178| .325
9 | .354| 278 | 304 | 20,000 | -4.7| .125| .175| .328
10 | .s02| avo | 204 | 40,000 | -4.8| .125| .175| .350
11 | .7s0| 530 | 400 | 20,000 |-13.9{ .080| .140| .o88
12 | .750| 530 | 400 | 20,000 |-13.9 ! .080| .220| .088
13 | .750! 530 | 400 | 20,000 |-13.9: .160| .220| .088
14 | .750| 530 | 400 | 20,C00 0 | .125| .175| .091
15 | .750| 530 | 400 | 20,000 0 .080| .140| .091
16 | .750| 530 | 2400 | 20,000 0 .080| .220}| .091
17 | .750] 530 | 400 | 20,000 0 .160| .2z0] .o¢g1
18 | .750| 530 | 400 | 20,000 | 13.9| .125| .175| .088
19 | .750| 530 | 400 | 20,000 |-90.0| .125] .175|0
TABLE II

VARIATION OF IMPACT PRESSURE WITH ALTITUDE

Altitude 1c
(£t)
M = 0.760(V = 660 mph{V4y = 204 mph
0 950.0 806.3 109.1
20,000 436.5 436.5 109,1
40,000 176,0 203.9 109.1
50,000 109.1 126.5 109.1
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Plgure 1.- The variation of rolling-moment cosfficient and tims to bank to 452 and 90° with altitude.
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Figure 2.~ The wvariation of relatlive hinge moment and time to bank to ;50 and 900 with altitude.
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Figure 3.- The variation of the rolling-moment coeffiolent and the time to bank to 45° and 90° with the redius of

gyration about the X axis.

(b) The time to bank to 45° and 90°.
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